Epigenetic changes on DNA and chromatin are implicated in cell differentiation and organogenesis. For the heart, distinct histone methylation profiles were recently linked to stage-specific gene expression programs during cardiac differentiation in vitro. However, the enzymes catalyzing these modifications and the genes regulated by them remain poorly defined. We therefore decided to identify the epigenetic enzymes that are potentially involved in cardiomyogenesis by analyzing the expression profile of the 85 genes encoding the epigenetic-related proteins in mouse cardiomyocytes (CMs), and then study how they affect gene expression during differentiation and maturation of this cell type. We show here with gene expression screening of epigenetic enzymes that the highly expressed H3 methyltransferase disruptor of telomeric silencing 1-like (DOT1L) drives a transitional pattern of di-methylation on H3 lysine 79 (H3K79) in CMs at different stages of differentiation in vitro and in vivo. Through a genome-wide chromatin-immunoprecipitation DNA-sequencing approach, we found H3K79me2 enriched at genes expressed during cardiac differentiation. Moreover, knockdown of Dot1L affected the expression of H3K79me2-enriched genes. Our results demonstrate that histone methylation, and in particular DOT1L-mediated H3K79me2 modification, drives cardiomyogenesis through the definition of a specific transcriptional landscape.
Cardiac morphogenesis is a complex process involving rapid specification and differentiation of the cell types that form the heart. [1] [2] [3] During embryonic development, the activation of specific transcriptional programs defines the subsets of lineage-restricted genes that become expressed while the rest of the genome is left in a repressed state. [4] [5] [6] [7] Epigenetic regulation, such as via histone methylation, establishes the global chromatin environment that stabilizes these transcriptional programs, and is thus a crucial phenomenon for orchestrating these biological processes. 8, 9 Recent reports have shown that histone modification has a fundamental role in defining the transcription program of CM differentiation in vitro. In fact, profiling of different methylation marks on various lysines of H3, such as H3K4me1, H3K4me3, H3K27me3, and H3K36me3, revealed that distinct chromatin patterns are coordinated with stage-specific expression of functionally relevant genes: programmed temporal alterations of chromatin structure distinguish the key regulator genes of cardiovascular development from other genes. 10, 11 However, the involvement of most epigenetic marks, and of the enzymes that catalyze these modifications, remains poorly understood during CM differentiation.
Here, we demonstrate that DOT1L H3K79 methyltransferase is required for CM gene transcription: Dot1L was highly expressed in mouse CMs at embryonic and neonatal stages; H3K79me2 marks mapped to lineage-specific CM genes in correlation with the transcriptional profile at distinct stages of differentiation; and a reduction in DOT1L interfered with CM differentiation in vitro.
Results
Dot1L is differentially expressed during differentiation and maturation of CMs. To identify epigenetic enzymes potentially involved in cardiomyogenesis, we analyzed the expression profile of 85 genes encoding epigenetic-related proteins (15 histone acetyltransferases (HATs), 12 histone deacetylases (HDACs), 31 histone methyltransferases (HMTs), 14 histone demethylases (HDMs), 2 DNA methyltranferases (DNMTs), and 11 chromatin-remodeling factors) in two models: mouse embryonic stem cells (mES) at distinct stages of differentiation (i.e., pluripotent cells, mesodermal precursors, cardiac progenitors, and differentiated CMs) and mouse cardiac cells isolated at different stages of maturation (immature cells from E8.5, E10.5, E12.5, and E14.5 embryos; neonatal CMs from 1-day-old pups; and mature CMs purified from 2-month-old adult mice). The stages of cardiac differentiation and maturation were confirmed by measuring the expression of markers of pluripotency (Pou5F1 and Nanog), mesodermal populations (Eomes, Mesp1, and Brachyury), cardiac progenitors or immature CMs (Nkx2-5, Isl1, Gata4, and Tbx5), and mature CMs (Myh7 and Myh6; Supplementary Figure 1) .
We found that CM commitment and maturation are accompanied by a change in expression of several epigenetic enzyme genes already reported to be important for cardiac development (e.g., Jmjd3, 12 Ezh2 13,14 ), as well as of HATs, HDACs, HMTs, HDMs, and DNMTs not yet studied in the heart (Figures 1a and c) . In particular, Dot1L, which encodes the only known H3K79 HMT, underwent a major differential change in expression during CM differentiation and maturation. This finding was confirmed with conventional real-time qPCR and immunoblotting (Figures 1b and d ; Supplementary  Figure 1 ).
In addition to the dynamic changes in Dot1L expression, we observed increased deposition of H3K79me2 subsequent to the Dot1L expression peak (Figures 1b and d right panels, and Supplementary Figure 1) . Interestingly, this epigenetic mark seems to be very stable, as it is abundantly found in adult CMs (CMa) even if these cells do not express high levels of DOT1L. From these findings, we inferred that DOT1L is a key enzyme for CM differentiation and maturation.
H3K792me2 regulates gene expression during CM differentiation and maturation. To gain insight into the role of DOT1L in cardiomyogenesis, we analyzed the genome-wide distribution of H3K79me2 in CMs during differentiation. To this end, we performed chromatin immunoprecipitation (ChIP) followed by massive parallel DNA sequencing (seq) for H3K79me2 and three other dynamic epigenetic marks of differentiation (i.e., H3K4me3, H3K27me3, and H3K9me3) on purified CMs isolated at two different stages of maturation: 1-day-old pup CMs (CMp), which are mononucleated cells that still retain proliferative capacity, and 2-month-old CMa, 15 which are mainly binucleated cells and have lost their ability to divide. 16 In addition, ChIP-seq data sets of mES from the Gene Expression Omnibus (GEO) database were used as reference points for cells in a pluripotent, undifferentiated state (GSE12241 and GSE11724). 17, 18 Comparison of the methylation profiles across the genome in mES, CMp, and CMa indicated that H3K4me3, H3K27me3, and H3K79me2 became redistributed within various genomic regions during differentiation, whereas there was no significant change in the distribution of H3K9me3 (Figure 2a ). In particular, H3K79me2 became increasingly more present inside the gene body and less associated with the transcription start site (TSS), whereas H3K4me3 shifted from the overlap start region in mES to a region more proximal to the TSS, and H3K27me3 decreased around the TSS, becoming localized mainly up and downstream of the gene body in CMp and CMa. These findings indicate that the histone methylation profile is dynamic during CM differentiation.
To identify the genomic regions where these histone methylation marks became redistributed during cardiac differentiation, we analyzed the genomic distribution of each mark with two algorithms (MACS (Model-based Analysis of ChIPseq) and SICER (Spatial Clustering Approach for the Identification of ChIP-Enriched Regions)) in order to minimize peak calling bias; peak data sets were then compared with DiffBind. 19 Hierarchical clustering analysis using affinity data revealed that H3K79me2, like the other histone marks analyzed, was redistributed within the genome not only during CM specification (mES versus CMp) but also during CM maturation (CMp versus CMa; Figure 2b ). Interestingly, H3K79me2 in mES and CMp clustered with the clade containing H3K4me3, forming a branch with reduced similarity to the profile of H3K79me2 in CMa. This suggests that these two histone modifications mark similar regions in mES and CMp but not in CMa, and indicates that CM maturation is associated with redistribution of H3K79me2. This finding was corroborated by Principal Component Analysis, which indicated a higher number of differential binding sites in mES versus CMa than in mES versus CMp (Supplementary Figure 2) . For each histone modification analyzed, we report all significant differential sites in mES versus CMp, mES versus CMa, and CMp versus CMa in Supplementary Table 1 . Gene Ontology analysis of the genes associated with these sites revealed that these histone methylation marks became redistributed at different functional classes of genes during CM differentiation: in mES, H3K79me2, and H3K4me3 were modulated at putative regulatory regions involved in RNA metabolism; in CMs, these modifications were enriched at genes encoding CM structural proteins and were involved in cardiac phenotype specification (myocardial fiber morphology and contractility), whereas H3K27me3 was enriched at genes involved in bone and nervous system formation (Supplementary Figure 3) . We then studied in detail the epigenetic profile at genes important for cardiogenic differentiation and maturation: Pou5F1 and Nanog (genes encoding pluripotency transcription factors), Nkx2.5 and Gata4 (which encode transcription factors involved in early CM development), Nppa, Myl7, and Myl2 (which are involved in chamber specification), Myh7, Myh6, and TnnI3 (genes regulated during cardiac maturation), and Kcnb1, Kcnd2, and Tuba8 (genes important 
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Distance to TSS (bp) ChIP fragment depth (per bp per peak) (a) Enrichment plots for the histone modifications studied: for H3K79me2, enrichment is shown within the region ± 25 kb around the annotated transcription start site (TSS); for H3K79me2, H3K4me3, H3K27me3, and H3K9me3a, enrichments are shown within a region ± 4 kb around the annotated TSSs. Each graph gives the distribution in mES (blue line), CMp (red line), and CMa (green line). Data were generated with HOMER v4.5 software (http://homer.salk.edu/homer/; La Jolla, CA, USA). 32 (b) correlation heatmap using affinity (read count) data generated with DiffBind R package. 19 (c) Genome browser representations of enrichment profiles of H3K79me2, H3K4me3, H3K27me3, and H3K9me3 in mES (blue), CMp (red), and CMa (green) are shown at key genes of pluripotency (Nanog, Pou5F1), cardiac transcription regulation (Gata4, Nkx2-5), atrial/ventricular characterization (Nppa, Myl7, Myl2), cardiomyocyte specification (Myh6, Myh7, TnnI3), and maturation or function (Kcnb1, Kcnd2, Tuba8). The peak heights are set to correspond to the maximum enriched peak in the region for each mark for CM structure and function). We found that the profile of H3K79me2, as well as of the other histone methylation marks analyzed, changed during cardiac differentiation at many of these loci: H3K79me2 and H3K4me3 were present at Nanog and Pou5F1 in mES but not in CMp or CMa; H3K27me3 was acquired at Pou5F1 in CMp and CMa; and the cardiac-specific genes Gata4, Nkx2.5, Myh7, Myh6, TnnI3, and Myl2 acquired H3K79me2 and lost H3K27me3 in CMs, with H3K79me2 enrichment being more significant in CMp. There was a similar loss of H3K27me3 at Kcnb1, Kcnd2, and Tuba8 in CMs compared with mES, but these loci acquired H3K79me2 in the transition from CMp to CMa. In contrast, we did not observe any significant change in the distribution of H3K79me2 at Nppa and Myl7; however, there was a redistribution of the bivalent domain H3K4me3/H3K27me3 (Figure 2c ). These findings were validated by ChIP-qPCR assays (Supplementary Figure 4) .
To investigate whether changes in the genomic distribution of H3K79me2, H3K4me3, H3K27me3, and H3K9me3 explain the transcriptional changes occurring during CM differentiation, we cross-compared the ChIP-seq libraries from mES, CMp, and CMa with the transcriptional profile of these three cell populations. To this end, we first assessed differential gene expression in mES, CMp, and CMa with an Illumina microarray. We identified 4607 significantly modulated genes in mES versus CMp, 5258 genes in mES versus CMa, and 2163 genes differentially expressed between CMp and CMa (P-value o0.001; Supplementary Figure 5 and Supplementary Table 2 ). Pearson correlation analysis revealed that the transcriptional profile correlated directly with H3K4me3 and H3K79me2, and inversely with H3K27me3, whereas no significant correlation was found with H3K9me3 (Figures 3a and b) .
To unveil biological pathways regulated by H3K79me2, we analyzed the network of genes displaying changes in H3K79me2 associated with a significant differential transcriptional profile. This analysis revealed that depending on the stage of differentiation, H3K79me2 regulated different transcriptional networks: in the transition from mES to CMs, the most modulated genes belonged to networks involved in cellular growth and assembly that lead to developmental disorders, whereas in CMp versus CMa they were implicated in cell cycle and DNA replication (e.g., cylclin B and AURKB; Figure 3c ). Analysis of the differentially expressed genes that acquired or lost methylation on the bivalent domain K4/K27 identified similar networks but with different genes being affected (Supplementary Figure 6) . This supported the notion that a specific pattern of histone methylation is used to mark functionally distinct genes having a similar pattern of expression, and that H3K79me2 plays a central role in the regulation of the transcriptional program involved in developing cardiac cells.
Dynamic changes of DOT1L-mediated H3K79 methylation. To examine whether the activity of DOT1L is required for the early events of cardiomyogenic differentiation in vitro, we used a lentiviral vector-mediated approach to knock down Dot1L in our model of in vitro CM differentiation. mESs were transduced with lentiviral vectors carrying either short hairpin (sh)RNA against Dot1L (shDOT1L) or scrambled sequences (sh-Ctrl), and then assessed for expression of pluripotency and CM differentiation markers. We found that Dot1L knockdown affected mesodermal and cardiac commitment, with shDOT1L cells exhibiting reduced and delayed expression of Gsc, Eomes, Mesp1, and Brachyury (at days 3, 4 and 5), and Myl2, Myh7, Myh6, and TnnI3 (at days 7 and 9) when compared with sh-Ctrl-transduced mES (Figure 4a ). In contrast, there was no effect on markers of pluripotency (Nanog and Pou5F1), endoderm (Sox17 and Gata6) or ectoderm (Nestin), or on cardiac-specific transcription factors (Gata4, Nkx2.5, Isl1, Mef2c) or atrial-specific genes (Myl4 and Myl7; Supplementary Figure 7) . Furthermore, Dot1L knockdown caused a decrement in the efficiency of cardiac differentiation, as assessed by flow cytometry quantification of TNNI3-positive cells (Figure 4b) .
Western blot analysis of relative protein levels validated that the knockdown of Dot1L mRNA at day 1 and day 2 of differentiation ( Figure 4a ) directly translated into a reduced DOT1L protein level at the same time-points ( Figure 4c) ; as expected, levels of H3K79me2 were also decreased. This difference was attenuated at later days of differentiation, when lentiviral vector-mediated knockdown became less efficient (Figures 4a and c) . Consistent with the gene expression analysis and the assessment of CM differentiation efficiency, the initial reduction in DOT1L and H3K79me2 resulted in a lower expression of α/β-myosin heavy chains later on (day 9).
We then analyzed how the reduction in DOT1L expression affected the profile of H3K79me2 at genes regulated during CM differentiation. H3K79me2 levels at the loci of Nanog and Pou5F1 were high at day 0 and decreased afterwards, with shRNA-mediated downregulation of Dot1L having no effect on this profile (Figure 4d ). Markers of mesodermal precursors (Brachyury and Eomes) had very high levels of H3K79me2 at their loci from day 5 onwards, whereas at Myh7, Myh6, and TnnI3 the level of H3K79me2 peaked at day 9. Of note, H3K79me2 was significantly reduced at these genes on day 5 in mES transduced with sh-DOT1L when compared with sh-Ctrl mES. The decrease was not observed on day 9 of differentiation, a time at which we found a major effect on expression of Myh7, Myh6, and Tnnl3 mRNAs. This result suggests that the presence of H3K79me2 at these genes during an early phase of differentiation (days 2-5) is required for their expression. Thus, H3K79me2 could be a pre-activation mark for key differentiation genes.
Altogether, these findings demonstrate that DOT1L is required for CM differentiation by regulating the expression of specific genes.
Discussion
We demonstrate here that DOT1L-mediated H3K79me2 modification is necessary for the definition of the epigenetic signature of CM differentiation and maturation. Previous reports have proposed a role for DOT1L in cardiac development: constitutive disruption of Dot1L in mice resulted in growth impairment, angiogenesis defects of the yolk sac, cardiac dilatation, and lethality at E10.5, 20 whereas latestage cardiac-specific deletion of Dot1L in mice produced a severe cardiac phenotype resembling that of dilated cardiomyopathy. 21 However, the role of DOT1L-mediated Genome-wide analysis of the distribution of H3K79me2 during CM differentiation revealed that this mark regulates distinct transcriptional networks at different stages of differentiation, i.e., networks of genes involved in cellular growth and assembly during CM differentiation (i.e., mES → CMp), and networks of cell cycle and DNA replication genes during CM maturation (i.e., CMp → CMa). This strongly suggests that di-methylation at H3K79 is a requirement for the establishment of the gene expression program of CMs during cardiogenesis, tailoring the program for stage-specific biological processes.
We also found that H3K79me2 was enriched in neonatal CMs at genes that became activated only in later stages of development, such as Myh6 and TnnI. This suggests that H3K79me2 is involved in a pre-activating mechanism in which the histone modification is used during early lineage commitment to mark the genes for subsequent activation during maturational phases. This hypothesis is supported by our in vitro knockdown assessment of the role of DOT1L in CM differentiation. These experiments demonstrated how the activity of this enzyme is necessary for defining the epigenetic signature driving cells toward cardiac commitment, as a decrease in H3K79me2 at Myh6, Myh7, and Tnnl3 during the initial days of differentiation impaired expression of these genes at subsequent stages of differentiation.
To date, DOT1L is the only known methyltransferase catalyzing mono-, di-, and tri-methylation of H3K79. [22] [23] [24] [25] We and others have demonstrated that its expression is elevated during cardiac development but reduced in CMa. However, H3K79me2 is abundantly present in CMa, with the transition from CMp to CMa characterized by its redistribution across the genome.
A critical mechanism for differentiation is maintenance of a proper balance in the methylation levels of H3K4 and H3K27 at the promoter regions of poised developmental genes: this phenomenon governs the highly dynamic regulation of gene expression that defines a differentiating cell. 26, 27 Two recent reports have shown that the bivalent K4/K27 domain controls gene expression during differentiation of embryonic stem cells into cardiovascular cells. 10, 11 Our results confirm this in vivo and reveal that the activation of key cardiac genes (e.g., Myh6 and Myh7) is driven not only by the loss of the repressive H3K27me3 mark, but also by the acquisition of the activating H3K79me2 modification. Therefore, it is possible that H3K79me2 cooperates with the bivalent domain K4/K27 in the regulation of the expression of key CM differentiation genes.
In addition, we found that the epigenetic profile of neonatalstage CMs was closer to that of mES than to that of CMa, suggesting that the recently reported 16 regenerative potential of neonatal mouse heart could be linked to this less mature epigenetic landscape. In fact, it is conceivable that in CMp a chromatin structure similar to that of mES could be permissive to the binding of transcription factors driving an embryonic-like gene expression profile that would ultimately lead to a greater regenerative potential.
Besides demonstrating the importance of DOT1L in the epigenetic regulation of cell-fate acquisition processes during cardiac development, and highlighting the role of H3K79 methylation in stabilizing the signature of the cardiac gene expression program, the high-resolution methylation maps of the CM genome reported here could lead to the identification of novel genes and transcriptional regulatory networks involved in cardiac differentiation.
Materials and Methods
Standard techniques were used for purification and culture of mouse CMs, immunoblotting, RNA extraction, FACS analysis, and viral particle production and use (see Supplementary Methods). Mouse ES culture and cardiogenic differentiation were carried out as previously reported. 28 ChIP assay. Genome-wide localization of histone modifications (H3K4me3, H3K27me3, H3K79me2, and H3K9me3) for each stage was determined via ChIP followed by high-throughput seq with SoLiD 5500 (Life Technologies, Carlsbad, CA, USA) carried out as described elsewhere. 15 Briefly, 5 × 10 6 cells were used for each immunoprecipitation. Cells were cross-linked for 10 min at room temperature using 1% formaldehyde. Cross-linking was quenched by adding glycine to a final concentration of 0.125 M. The cells were then collected, resuspended in lysis buffer (5 mM PIPES pH 8, 85 mM KCl, 0.5% NP40, and protease inhibitors), and incubated on ice for 15 min before proceeding with sonication to generate 200 − 400 bp fragments. The efficiency of sonication was assessed with agarose gel electrophoresis. Chromatin samples were pre-cleared for 1 h with protein-G beads and then immunoprecipitated overnight at 4°C with the following specific antibodies: anti-H3 dimethyl Lys79 (abcam ab3594, Cambridge, UK), anti-H3 trimethyl Lys4 (active motif 39159), anti-H3 trimethyl Lys 27 (Millipore-Upstate 07-449, Billerica, MA, USA), anti-H3 trimethyl Lys9 (Millipore-Upstate 07-442), anti-H3 (abcam ab1791), and rabbit IgG (Millipore-Upstate 12-370). After incubation, the immunocomplexes were bound to protein-G beads for 2 h and subsequently washed with low-salt wash buffer (0.1% SDS, 2 mM EDTA, 20 mM Tris HCl pH 8, 1% Triton X-100, 150 mM NaCl, and protease inhibitors), high-salt wash buffer (0.1% SDS, 2 mM EDTA, 20 mM Tris HCl pH 8, 1% Triton X-100, 500 mM NaCl, and protease inhibitors), and TE buffer. Immunocomplexes were eluted in elution buffer (1% SDS, 100 mM NaHCO 3 , and protease inhibitors), and cross-linking reverted at 65°C overnight. Samples were treated with proteinase K, extracted with phenol/ chloroform, and precipitated with ethanol. Purified DNA was sequenced with SoLiD , and TnnI3 in undifferentiated (day 0) mES (white bars) and at days 2, 5, and 9 after differentiation in control (sh-Ctrl, gray bars) and Dot1L-knockdown (sh-Dot1L, black bars) cells. Levels were determined by qPCR and are expressed as fold change to the input and relative to H3 5500 (Life Technologies) by Genomnia Srl (Lainate, Milan, Italy) or evaluated by qPCR on an ABI 7900HT with SYBR green PCR master mix (Applied Biosystem, Carlsbad, CA, USA) using specific primers designed close to the promoter region and the gene TSS: A = − 1000 bp/ − 500 bp from TSS; B = +500 bp/+1000bp from TSS; C = +3500 bp/+4000 bp from TSS. Values obtained were normalized to the input and to the H3 content. The sequences of the primers used for ChIP-qPCR are available upon request.
ChIP-seq analysis pipeline. ChIP-seq data analysis was performed using distinct bioinformatics software. For H3K4me3, H3K27me3, and H3K9me3 modifications in mES, bed files were downloaded from the GEO (H3K4me3: GSM307618; H3K27me3: GSM307619; H3K9me3: GSM307621). Genome coordinates were converted from mm8 to mm9 mouse reference genome using Batch Coordinate Conversion (LiftOver) created by the UCSC Genome Bioinformatics Group. For the H3K79me2 modification in mES, raw seq reads were downloaded from GEO (GSM307150-GSM307151) and mapped to the mouse genome (version mm9) using BOWTIE (version 0.12.8).
To profile histone modifications in CMs, seq reads were mapped to the mouse genome (version mm9) using BOWTIE (version 0.12.8). Uniquely mapped reads with no more than two mismatches were used for binding peak detection. To identify peaks, two peak-calling software were used: MACS (Model-based Analysis of ChIPseq) 29 and SICER (Spatial Clustering Approach for the Identification of ChIPEnriched Regions). 30 Both the software detected binding peaks by comparing IP and input control. We used the following parameters: MACS: effective genome size = 1.87e+09, band width = 300, model fold = 5.30, P-value cutoff = 1.00e-05; SICER: windows size = 200, gap size = 600, redundancy threshold = 1, FDR = 0.05. Occupancy analysis and differential binding affinity analysis were assessed with the R Bioconductor package DiffBind (v. 1.2.0). 19 The final set of binding peaks contained those that were called by both softwares. Genomic annotation of the peaks identified from the ChIP-seq data were performed using the R Bioconductor package ChIPpeakAnno (v. 2.4.0). 31 A summary of the genes associated with H3K79me2-, H3K4me3-, H3K27me3-, and H3K9me3-occupied regions is provided in Supplementary Table S1 . The complete ChIP-seq data sets are available from the GEO database (http://www.ncbi.nlm.nih.gov/geo/), under accession number GSE45174.
Density profiles of chromatin marks at promoters and gene bodies were computed with HOmeR v.4.5 (http://homer.salk.edu/homer/; La Jolla, CA, USA) (Empirical Motif Optimizer). 32 Functional annotation of differentially enriched modifications was performed using GREAT. 33 Genome browser representations of H3K79me2-, H3K4me3-, H3K27me3-, and H3K9me3-enrichment profiles were obtained with IGV 2.1 visualization software. 34 Gene expression microarray analysis pipeline. BeadChips were scanned with the Illumina iScan system. Raw data were background-subtracted and normalized using the quantile normalization method of the R Bioconductor package lumi. 35 Normalized data were filtered for genes with significant expression levels compared with negative control beads. Differentially expressed genes (adjusted P-value o0.001) were identified with the Illumina t-test error model (limma R Bioconductor package). 36 The transcript with the highest median expression was selected to represent the expression of the gene if it was represented with several transcripts. Functional annotation of significant genes identified by microarray analysis was searched with the web-accessible program Database for Annotation, Visualization and Integrated Discovery (DAVID) version 2009, National Institute of Allergy and Infectious Diseases (NIAID), National Institutes of Health (NIH; david. abcc.ncifcrf.gov). 37 The complete Illumina gene expression data sets are available from the GEO database (http://www.ncbi.nlm.nih.gov/geo/), under accession number GSE44829.
Correlation of ChIP-seq and gene expression data. Genes were ordered by magnitude of differential mark occupancy, and heatmaps of relative gene expression generated. Genes with higher than average expression are marked in red, and those with lower than average expression are marked in green (scale in standard deviations). Scatter plots were produced to see how the expression level agreed with degree of histone modification. The Pearson correlation coefficients between histone modifications and the expression level of genes were calculated using R. Network analysis considering direct and indirect relationship among genes was performed using Ingenuity Pathway Analysis software (v. 8.5, Ingenuity Systems, www.ingenuity.com).
Statistical analysis. Data are presented as mean ± S.D. P-values were determined by two-tailed t-test. Po0.05 was considered statistically significant.
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